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Abstract:

The effects of (1) relative atmospheric humidity; (2) rate of loading
test specimens; (3) removal of excess test specimen flash; (4) bonding
press pre-heating; and time lapse from bonding to testing were determined.
Tapes which were subjected to high relative humidity showed decreased
tensile shear strength. Strength increases appeared to increase when
testing speeds were doubled. Flash removal enhanced tensile shear strength
results. No significant differences in test result occurred between tests
prepared with cold or pre-heated presses. Time lapse variations between
curing and testing were not significant in test results.

Reference: Bergstron, B. E. Picotte, G. L., Keller, E. E., "A Study of
Some Variables in the Preparation and Testing of Tensile
Shear Specimens," General Dynamics/Convair Report MP 57-896,
San Diego, California, 18 August 1958 (Reference attached).
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Rovort No. 57-896
A Study of Some Variables in the
Prepmration and Testing of
Tensile Shear 8pecimen

I. INMDOJTION

It has been known for some time that many variables are invalved in bonding
a metal such as aluxinum to itself. A survey on currently used methods for
cleaning, assembling, curing and testing adhesives showed that numerous vary-
ing procedures were being used by manufacturers and processors.

To isprove the results obtained in tensile shear testing of metal-to-metal
structural airframe adhesives, a standardized technique was requested by
Mr. Seth Cunthorp. This technique was to be determined after preparing and
testing a series of specimens under known conditions.

The knowledge of the many variables involved should be greatly augmented
by this study. It will permit the selection of a simple workable method
for testing metal bonded surfaces that are properly and uniformly prepared.

At the request of the Materials & Processes Laboratory, Mr. Fred Lemus of
Engineering Reliability Group designed a fractional factorial experiment to
permit the accurate calculation of the effect of five variables related to
the preparation-and bonding process of the Metlbond 4021 System. The
statistical analysis of variance techniques and calculations used by Mr.
Lemus are discussed, by him, in Section XI of this report.

II. OBJECT

A. To determine the effect of the following variables on tensile shear
strength of Metlbond 4021 tape at 75F, -67F, and 300"F.

1. Relative atmospheric humidity
2. Rate of loading the test specimen
3. Routing off excess flash on test specimen
4. Pre-heating the bonding press
5. Time lapse from bonding to testing.

B. To incorporate the information obtained during the test into a workable
standard procedure for the preparation-and testing of tensile shear
specimens.

'Ob *
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III . CONCWSIONS

A. The tensile shear strength values obtained in this test were more
reproducible than day-to-day analogous quality control tests. This
was expected because five of the suspected variables were accounted
for and subtracted from the experimental error.

1. Tape subjected to a high relative humidity will show a decreased
tensile shear strength.

2. There appears to be an increase in strength values when a load
rate of 21400 psi/minute is used in place of the current 1200
psi/minute.

3. Flash routed off before testing affects tensile shear strength.
Greater loads before failure are possible when routing is done.

4. There appeared to be no significant difference between using a

cold or pre-heated (3000F) press.

5. The aging at room teaerature of cured specimens before physical
tests are made is not a significant variable.

B. A workable procedure for the preparation and testing of tensile shear
specimens can be summarized from Sections VI and VII, and the
Recommendations (Section IV) of thic report.

IV. RBO4 0NDATI0NS

A. Based on the work reported herein, it is recommended that:

1. Better results in tensile shear testing would evidently
be obtained by keeping the relative humidity as low as possible.
This, however, is not as easy as one may first think because
our proximity to the salt water leadi to %bove average moisture
in the air. The easiest way that traces of moisture car be
minimized is by storing the tape in an air tight container ,Žon-
taining a desiccant, and avoiding unnecessary exposure to the
air while the tape is in the uncured state.

2. It would be advantageous (where permissible) to use a 21400
pound per square inch per minute rate of loading for testing
tensile shear strength. Such a rate will increase the tensile
shear strength readings, save time and free the testing machine
for other applications. This rate is in accord with that speci-
fied in the proposed revisions of MIL-A-8431 paragraph 4.3.4.1.
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IV. RUCO!4WMM~OK8 (Continued)

3. Routing off flash from cured specimens appears to warrant
recommendation for shop application. I•owever, some re-
designing of the router would be necessary to prevent scratching
and gouging of the aluminum. A present investigation concerns
removal of flash with the tip of a soldering iron. Additional
investigative work should be done on routin to determine
whether shop production application would be Justified and
practical.

4. Pre-heating a press for bondin is not necessary and may lead
to voids caused by entrapped gases. It is more practical to
start with the press at room temperature and allow a slow heat
rise to occur, thereby permitting volatiles to escape without
forming air pockets or voids in the bond.

5. Although aging of the cured specimens does not significantly
alter their tensile shear strength, no unnecessary delays
from bonding to testing should be tolerated. Delays can
generally be avoided by efficient scheduling of the tests in
advance.

B. The methods of cleaning, lay-up and testing used in this experiment
should be made a standard procedure. (Sections VI and VII of this
report)

V. FUTLRE WORK

There are some phases of the preparation and testing of tensile shear
specimens which should be cleared up by further investigation. It is
suggested that future work be done on (1) types of bonding pads; (2)
methods of clmping specimens; (3) use of temperature and pressure
programers during bonding; and (4) factors associated with the
aluminum sheet itself.

VI. DECRIPTION OF SPEIMI

Panal. 4"xg" were prepared in sufficient quantities from 0.064" alclad
2024 - T3 aluminum alloy sheet conforming to Specification QQ-A-362. Thick-
ness tolerance was held to 0.064 + 0.002 incha value which well met the

.005 inch allowed by MIL-A-5090B.

All edges of the test panels which were to be within the completed bonded
lap-joint were milled true and smooth before the panels were cleaned and
bonded. Panels were protected during machining operations by using Protex

No, 5 protective paper CVWA TAP 50-40. A decision was made to test 28
specimens for each of three temperatures representing four different Joints.
Each pair of bonded 4"xg" paewls yielded seven 1-inch wide specimens.

nOE 6'S
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V1. MWc 7MNoiW o w pan=m (carnMMu )
All test panels were lapped 1/2 inch in such a manner that the area to
be bonded was flat within the 0.005 inch/inch tolerance permitted by
MI7L-A-8431. This condition of flatness was verified by means of a
straight edge.

A. §H~ Prpri of 2Lt Pnl

1. Panels were handwiped twice with clean cheesecloth saturated with
methyl ethyl ketone (TT-M-261) and allowed to air dry for 10 minutes.

2. Bonding surfaces of the degreased panels were imnersed in a modi-
fled FPL etching solution consisting of the following parts by
weight:

10 Sulphuric Acid C.P. Sp.Gr. 1.84
4 Sodium Dichromate

30 W'ater - Distilled

Panels were immersed in the sodium dichromate - sulphuric acid
solution for 10 minutes at 150 to 1550F. Agitation of the
solution wva stopped prior to immersion of the parts.

3. Within 2 minutes of removal of parts from the solution, they
were spray rinsed thoroughly with tap water for 3 to 5 minutes.

4. Parts were then spray rinsed for 1 minute with room temperature
distilled water and checked for a water break-free surface.

5. Within 30 minutes of the last rinse, the parts were dried in a
vented oven at 140-1507F for 10 minutes. Parts were dried with
their etched surface vertical, to preclude formation of droplets
on edges to be bonded. Precaution was taken during surface prepara-
tion of the test panels not to touch etched areas to each other
or with the operator's white gloves.

B. P

1. Primer was placed in a paint shaker for 10 to 15 minutes.

2. One prime coat of Metlbond 4 021 Type II was brushed on the clean,
dry alurfntm faying surfaces to a thickness of 0.7 to 1.3 mile.
The coating was extended at least 1/4 inch beyond the area to be
overlapped.

3. Coating was air dried 10 minutes at room teamperature followed by
a pre-curing of 30 minutes at 250*F in the oven.

4. Pre-cured panels were allowed to cool to room temperature, wrapped
in kraft paper and stored until used.

+oein o.. II--Al
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VI. ESCRIPTION OF SPZCDW (Continued)

C. LAYr-Up

1. Strips of Met1bond 4021 tape were cut from the roll to be tested
by using a scapel and aluminum template 5/ 8 "xl1"x.064". White
cotton gloves were worn by the operator when cutting the tape
and removing the backing.

2. Some strips were placed in a desiccator containing Drierite for
a period of 24 hours prior to bonding. Other strips were cut
from the roll inmediately prior to bonding. The roll was kept
wrapped in polyethylene, in its original container, and opened
only for sampling.

3. Pre-cut strips were placed on the area of the panel to be bonded.
Placement was facilitated by using an aluminum JiG. The tape was
maintained firmly in place by tacking for 10 seconds with a warm
(160-170*F) tacking iron. Length of overlap joint was controlled
to 0.50"±+ .O in confirmance with MIL-A-5090B. A 1/16"x5/8"x9"
piece of silicone rubber was placed between the lap joint area
and press platten to equalize the pressure distribution.

D. Curin

1. Specimens were cured at 100 psi in an electrically heated triple
platen K-M press for one hour at 3500F. The press was pre-heated
to 300OF before inserting one group of specimens. A second .group
of specimens were cured starting with a cold press; measuring the
curing cycle from the time when 350OF was reached. All specimens
were cured in place in the bonding Jig previously used for lay-up.

2. Specimens were removed from the press immediately following curing

and placed on end to cool to room temperature.

E. Saving

1. A circular table saw was eaployed to cut the bonded panels int.
seven 1"x7-1/2" size specimens. The outer 1/4" edges of the
original panels were trimmed off and discarded. Specimens were
randomized, as far as practicable, and identified by means of a
Vibra-tool.

2. The saw blade used in the above operation had a 10" diameter and
72 carbide tipped teeth. It was fabricated by the Kennametal Co.
of Latrobe, Pa., under the designation 10 LF 72. Utmost care
was used in sawing panels so as to hold the frictional heating
of the bond to a minmudm. It was not necessary to machine the
edges of the sawed specimens to an ME of 160 in the bond area.
The specimens showed an FM6 of 100 microinch in the sawed condi-
tion, as determined by using a Microfinish Cor~erator Cat. Do. S-22
manufactured by Baptist Machine Coapany, Inc. of Stamford,
Connecticut.

'apM .I*.-4
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VII. TEST PROCEMPE

A. Tables VI and VII show that four groups, each containing seven
specimens, will result from sawing the four bonded .064"x4"xg" pairs
of panels. These four groups are dissimilar in desiccation and
pressing.

Desiccated 4--- Cold Pressed

Undesiccated +-I Hot Pressed

B. A statistically pre-determined number of each group of cured specimens
were then routed. This procedure involved a method whereby the flash,
or cured adhesive which was squeezed out during pressing, was removed
from the bond line. A mechanism developed by Mr. J.T. Zak of
Convair Plant II, Process Control Laboratory, was used. Essentially
the apparatus was made up of a small portable drill, stand and an
adjustable router bit.

C. At this point, a fourth variable entered the test procedure. Groups

dt the previously processed specimens were selected to be tested for
tensile shear strength within one day after they had been cured.
A second group was retained for testing following one week of aging
at room temperature.

D. Tensile shear strength data was obtained employing a 3sldwin-Southwark
Universal Testing Machine. Tests were made at the following tempera-
tures: -670F, 75OF and 300PF. The -677 temperature was obtained
with a cold box refrigerated with a methyl alcohol-dry ice mixture
circulated through the heat exchangers provided in the box. Teqperaý
tures were determined with an iuon-constantan thermocouple and a Leeds
&-Northrup potentiometer. A thermostat was used to maintain the test
temperatares within + 5 F.

A range on the testing machine was selected so that the breaking load
would fall between 15 and 850 of full scale capacity. The testing
machine had been calibrated previously to an accuracy of within 1$.

Self aligning grips were used to engage the outer 2 inches plus or
minus 1/4 inch from each edge of the lap joint. Normal (room) tempera-
ture strength properties were determined no sooner than 3 minutes
after the specimens reached equalibrium at a temperature range of
70* to 80*F. Not less than 3 minutes nor more than 8 minutes were
used to bring the bonded area of the shear test specimen to 300F
after the specimen was otherwise meady for final shear testing. Nb
longer than 8 minutes were employed to bring the bonded area to -07 0F
after the specimen was otherwise ready for low temperature testinG.

0W ia5
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The test specimen was gripped tightly in the jaws of the testing
machine with the Javs and specimen so aligned that the jaws were
directly above each other and in such a position that an imaginary
straight vertical line would pass through the center of the bonded
area and through the points of suspension.

E. The fifth and last variable being evaluated concerned the rate of
loading. As before, a statiscally pre-determined number of the
specimens, processed to this point, were selected for testing at
loads of 1200 and 2400 pounds per square inch per minute until
failure.

The load at failure was recorded and expressed in pounds per square
inch of actual shear area, calculated to the nearest 0.01 square inch.

The nature and percent of failure, such as cohesive failure (failure
within the adhesive), adhesive failure (adhesive peeling from the
metel), and the adhesive thickness was recorded for each specimen..
Adhesive thickness was the micrometer thickness of the overall lap-
joint less the combined micrometer thicknesses of the individual
pieces of metal.

VIII. DISCUSSION OF PROCEDURE

A. The test method described in the foregoing was used instead of the
method of break-a-way finger panels specified as an alternate in
MIL-A-5090B "Adhesive, Airframe Structural, Metal to Metal" for the
following reasons:

1. Break-a-way finger panels deviate greatly in flatness across
their width.

2. Fingers cannot always be aligned to give a 1/2-inch overlap.

3. Edges of the finger specimens cannot be trin;rzed off and dis-
carded.

4. It was believed that more uniform and reproducible results would
be obtained by using .064"x4"x9" panels.

IX. RESULTS

A. The results of the deviation survey on the preparation and testina

of tensile shear specimens are given in the tables of the Appendix.

In addition to the information obtained concerning humidity, pressing;,
routing, aging, and rate of loading on the specimens tested, the
followine general observations of the material and procedure were nade:

~ S~It
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IX. rmULTs (continued)

1. Relative humidity of the surroundinng atmophere varies greatly
from morning to evening, as well as from day to day. (Table IX)

2. Tape stored in its original air tight container had no dessicant
to absorb moisture present within the container.

3. No accord was observed between platens of the curing press as
they rose in temperature to 350°F. In the pressings made, the
center platen always reached temperature before the other two
platens.

4. Apparently little difficulty was experienced with finger marks
and other contamination, as was to be expected with the pre-
cautions taken to insure cleanliness and good processing.

X. DISCUSSION OF RESULTS

An inspection of Tables VI and VII shows that of the 28 specimens tested
for tensile shear strength at 75"F, -67*F, and 300.F, none failed to
possess the adhesion necessary to pass the minimum requirements of
MPS 47.08. Desiccation used in 14 of the 28 specimens resulted in
very important increases In tensile shear strength at all temperatures.
Present indications point toward continuing reduced tensile shear values
unless imnediate steps are taken to minimize the amount of moisture
in the air, and the unnecessary exposure of the tape during lay-up
operation.

7he effect of hot or cold pressing on the tape was found to be not
sicMificant. It is believed, however, that a sloit rise from wnbient
termperature to 350"F would give the volatiles inherent in the adhesive
a better chance to escape.

The presence of "flash" definitely affects the shear strength properties
of the specimens at -670F. Average increases with flash removed at this
temperature amounted to 885 psi. The condition is not quite as signifi-
cant at 750 and 300P, and can easily be explained an the basis of the
brittleness of the tape at -670. Unremoved flash at -67"F is a starting
point for a peel type failure between metal and adhesive. This action
is accelerated as the specimen bends at the edge of the lap due to the

eccentricity of the joint.

I
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3. DISCUSSION 0 REOULTS (Continued)

With the introduction of a delay in testing of one week following curing,
a slight zeduction in strength was observed. However, this condition
is not significant when conpared to a variable such as humidity. Under
normal conditions, this delay in testing will not be encountered because
of the necessity of knowing the results of tensile shear testing for
daily surface control purposes.

Tests at high and low rates of loading were made because of proposed
revisions to the load rate in NIL-A-8431. Indications are that in-
creased rate of loading will inprove values obtained.

NOTE: The data presented in this report are recorded in Materials
& Processes Laboratory Notebook No. 3005.

Ilop. 6
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XI. IESIGN AND AIALYSIS OF THE IEXEP.R.AL PROGRAM

PIIZOGRAM

Tfhe object of this experimental design was to accurately assess the effects
of several variables relative to cleaning, bonding and testing snecimens for
tensile shear.

Briefly, the variables, or factors, to be investigated and their corresponding
levels are the following:

FACTOR LEVEL

1. lvbisture on Tape, due to atmospheric Desiccatinn, ixposed to
humidity humidity

2. Flash Flash not removed, flash
removed

3. Curing time after pressing One day, one week

4. Rate of loading 1200 psi/mn, 24o00 pi/mmn

5. Initial temperature of the Press Cold, Hot

According to the theory of design of experiments, the number of experimental
combinations required to obtain estimates of the above five factors, at two
levels each, and their corresponding interactions would be 2 X 2 X 2 X 2 X 2 : 32.
However, since only 28 samples could be obtained from the four joints avail-
able, some adjustment had to be made. By making the assumption that higher
order interactions, i.e. interactions among three or more variables, are of
the same degree of magnitude as the experimental error, a fractional factorial
design requiring a total of 16 samples was constructed. The remaming 12
samples were utilized for obtaining a more accurate estimate of error, for
making certain the assumption of insignificance of multifactor interdependences
(or higher order interactions), and for checking on the consistency in direc-
tion of the effects of the factors considered. As indicated by its name, a
fractional factorial design is used in situations where observations are ex-
pensive and, in order to lower the cost, the required number of experimental
combinations needed for estimating the magnitude of all -min effects and inter-
actions is reduced to a fraction of the total. Information on the effect of
higher order interactions is sacrificed, since these ulltifactor interdepen-
dences are usually of the same size as the experimental error.

The pattern formed by the data obtained in this problem is shown below. Each
specimen is represented by a number from 1 to 28.

poll '416-4
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X.[=K DIAGRIAM

Flash Rouied Flash KepOne tK • •.eek On".%v,,,n :.-A•

A gid Time Aging Tim. ._ -,Aging, ..'_m,

1 2 (L) 4, 3() 5(L) 6

r 16p 15 (L) 17, 20 (L) 19 21 (L)
18

9, 8 L)10, 14I (L) 12 13 (L)

A 0

S22, 26 (L) 24, 23 (L) 25 (L) 27
28

The analysis of the experimental data was done by means of an analysis of vari-
ance technique, which is an arithmetical method for positioning the total vari-
ation in an experiment into each of its component parts for the purpose of as-
sessing the direction, magnitude, and significance of the effect of each vari-
able.

Two analyses of variance for each of the three testing temperatures were con-
structed. Specimens nmnbered 1, 3, 5, 6, 7, 15, 17, 18, 19, 21, 8, 10, 11, 12,
13, 22, 23, 25, 27, and 28 were used for constructing the analyses of variance
shown in Tables X, XI, and XII. These analyses of variance present the vari-
ation associated with each variable under investigation both as a mngnitude of
variability and as a per cent of the total variation. Results from specimens
1, 2, 3, 4, 15, 16, 17, 20, 8, 9, 10, ii, 14, 22, 23, 24, and 26 were used for
constructing the three auxiliary analysis of variance shown in Table XIII. The
object of these auxiliary analyses i._s to obtain a more refined estimate of
experimental error and also to check assumptions as to the insignificance of
higher order interaction effects.

* A letter (L) affixed to the specimen number means that a high rate of load-
ing of 2400 psi/mn was used for the specimen; otherwise the rate of load
used was 1200 psi/min.

.COM 60O8 jA
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In the table shown bolow the low level of a factor is represented by the number
zero, and the high level by the number one. The experimental combinations re-
quired (excluding repeats) for the analysis of variance on tables X. XI, and
XII are those for which summing across each row one obtains a zero or an even
number.

TOTAL EXPERIENTAL COMBINATI0US

Experimental Pressing Moisture Flash Curing Time Rate of Load The Cross Ix-
Combination perimental
Numbe r* Combinations

are Required
for Fractional
Design

1 0 0 0 0 0 X
2 1 0 0 0 0
3 0 1 0 0 0
14 1 1 0 0 0 X
5 0 0 1 0 0
6 1 0 1 0 0 X
7 0 1 1 0 0 X
8 11 0 0
9 0 0 0 1 0

10 1 0 0 1 0 X
31 0 1 0 1 0 X
12 1 1 0 1 0
13 0 0 1 1 0 X

141 0 1 1 0
15 0 1 1 1 0
16 1 1 1 1 0
17 0 0 0 0 1
18 1 0 0 0 1 x
19 0 1 0 0 1 x
20 1 1 0 0 1
21 0 0 1 0 1 X
22 1 0 1 0 1
23 0 1 1 0 1
24 1 1 1 0 1 x
25 0 0 0 1 1 X
26 1 0 0 1 1
27 0 1 0 1 1
28 1 1 0 1 1 x
29 0 0 1 1 1
30 1 0 1 1 1 X
31 0 1 1 1 1 x
32 1 1 1 1 1

* The numbers of these experimental combinations do not correspond to the numbc:r
given "in the block diagram.
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The above rule for obtaining the required experimental combinations is a direct
consequence of the confounding relationship selected. A confounding relation-
ship is the expression which indicates what effects are confounded (or mixed)
with each other. The confounding relationship selected for the construction of
this fractional factorial design is

I - P H R T , )

which means that the overall average is confounded with the five factor inter-
action of pressing X huidity X routing X time X rate of loading. In order to
find out what effect is confounded with the -pressing effect (P), for instance,
one would multiply both sides of equation (1) by P, obtaining

PX I-+PX (PHRT L) (3)

In the zero mod 2 system one has

P X I - P, and

P X P - p2 • 1= Unity (4)

Therefore, substituting relationships (4) in (3), one obtains

P = H R T L, (5)

which says that the min effect of pressing (P) is confounded with the four
factor interaction of humidity X routing X curing time X rate of load.

This procedure is used to determine which interactions are confounded with the
other min effects, and how the interactions are confounded with one another.

The derivation of the required experimental combinations to satisfy above require-
ments has been merely sketched here. Detailed information on this subject may.
be found in the texts on experimental design and statistics listed in the bibli-
ography.

I
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PREPARID UY B.Z. •Dwlg•Erosta N 01Dino EORT NO . 57-896
CHECKEDm U PCootte/ken12i momE 22 J
REVISED my DAT 8-18-58

XII, APPEDIXI
TAMI~

ORNMODUCIBILITY ( PRICISION ) TABLE

TUST TIW. ABSENCE of HUMIDITY UNCONTROLLED HUMIDITY

750F 029 PSI :*5OO PSI

1300OF t151 -t282

-67. *1464 0624

*By Reproduocbility in meant plus or minus twioe the

standard deviation.
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P mPAPR y my B.E. Be rom "m 0DINO wMOrT No. 57-89W
CHECKED §Y Miotte/lLer mom. 22
PREIEDBy DATE 8&18-58

TADMI II

TANL OF LEUST SIGNIFICANT DIFFENMC38*

TUATMBUE P% MANTU OF DiEMC ( L.S.L. )
?5• 5 5-5PSI

75OF 5 &M

75OF 1 1150 PSI

00OF 5 452 PSI

E00F 1  6_0 Psi

-67°F 5 1000 psi

-67€OF 1 1437 FBI

L.S.D. - A differeno between two mlnes will ezoeed the L.S.D's

indioated, by ohanoe &low, only P time out of a hundred.

*Amsuming unoomtrollod himidity.
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ANALYI C O N V A I PAma6 I
AN L SS. .* . .* * ....... *.............

PREPARID SY BEL,.a'getSom SAN OgbO REPONT NO. 57-"
CNBCD MY. P'ico'tte/m.er •MOL 22nm m"o my mru 8-18..-5,

TAILU III

8UMRY OF THI RFFICTS OF FACTOR8

INUTTIGCATED ON TBNSILN 8HUR AT 750F

FACTOR LVBL DIFFU=NCB

Routing No 4622 FBI Yes 4811 PBI +189 PSI

TIM I Day 4821 1 Week 4612 -209

Load Rate 1200 4626 2400 4806 +182

Pressing Cold 4798 Hot 4686 -162

Humidity No 4856 yes 4578 -278

L.8.D. is for average of 8 oboervations eaoh.

L.8oD. ( 1% ) - 26? PSI

L.S.D. (5%) - 186 PSI

Io, e,-



ANALYSIS CONVAII PAGE 17
PREPARIRD M B.Y . % g0 s•AN MuOO mponT No. 57-896
CHECKD @- ltcotb/MiCler MOoLr22  1
REVIED my Am 8-18-58

TAMA

SJEAfY OF THE EFFECTS OF FACTORS

INVE8TIGATED ON TENSILE SBEAR AT 3000F

FACTOR ism DIFEWCN

Routing No 1731 PSI Yes 1829 PSI +98 PSI

Tim I Day 1740 1 Week 1820 +80

Load Rate 1200 1712 2400 1848 +136

Preusing Cold 1828 Hot 1732 -96

Huidity No 1866 Yes 1694 -172

L.S.D. Is for awerag of 8 observtLons each.

LS.D. ( 1% ) " 123 PSI

L.S.D, ( 8 8) " 85 PSI

:r~eS" q08--II4
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TAWBS V

SMIURY OF T= FMITs OF FACTORS

INVngTIGATUD ON TUNSILE SHEAR AT -670F

1. Btfeat of Roubing depends on htuidity.

FLASH nP? FLASH RIMOVE DIFFUNCS

Deosiload 3348 PSI 3855PSI +507 PSI

Ubdndoiosatda 3288 3560 +1262

S. Vffot of Proessng depends an ttim lapse between ouring & testing.

COLD WOT DIFFEU]CE

I Day 4230 PSI 3355 PSI -e75 FBI

I Week 1 32 3692 -70

3 Bffeoo of Humidity depends on the rate of loading ued.

HUMIDITY

_ABS1T PRL9ST DIFFUECE

1200 PSI/NMin 3062 PSI 3718 PSI -144 PSI

2400 P1/'.in, 3340 4120 +780

L,S,D, is for average of 4 obervations eaoh.

L.S.D. (1%) -54 PSI

L.S.D. (% 371 PSI

posed'
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CHE1CK(ED By" Picotte/xenler moml. 22

REVISED my DA 8-18-58

TABLN IX

RZLAflV3 HUMIDITY DATA

U.8. W•ATNI BU AU - LINDBURGEH FILD

Time 9]arh Malrhch ibrok 12Maroh. lclMroh 14haroh

0 64 71 82 81 86 76
1 70 71 74 85 86 75
2 73 66 69 84 84 80
3 75 47 78 86 86 82
4 75 50 86 86 82 82
5 80 34 91 86 85 81
6 80 35 89 81 80 76
7 70 46 90 80 7n 67
8 65 39 86 72 62 60
9 50 29 67 64 57 51
10 52 30 67 64 48 50
11 54 30 55 63 47 50
12 49 56 53 59 43 47
13 46 51 55 71 41 50
14 47 56 66 64 42 52
15 45 63 60 53 47 52
16 49 65 62 60 54 51
17 64 63 67 66 57 69
18 66 70 64 69 60 66
19 72 75 64 70 67 71
20 77 70 69 78 67 72
21 80 65 75 82 68 72
22 79 89 85 80 69 76
23 81 87 86 84 73 76

Preoipitati .13" .3611 . 0 0
High - Low 31-45 89-29 91-53 86-53 86-41 82-47
Sunrise ,'lear Clear Cloudy Cloudy Clear Cloudy
Sooet ,'lear Cloudy Cloudy Cloudy Cloudy Cloudy

C'on -*,a
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PRaPARiD mY 3BE. Bergstrom SAN 00O REPORT NO. $7-895'
CHECKED my Picotte/Keller MOrnI. 22

EAT By DAYS

1 ~ ~AIIALYSIS OF VARIA!UCE OF Th ... •:-Ui,_. AT 75ýrF

Source of Variation Degrees of hgni Lude of .)r cent of
Freedom Variation Total Variation

S .3ttinC ?lach (n) 1 1425 12.8,;
S1>ie after curing (T) 1 1743 15.6,,

,ate of Loadine (L) 1 1314 11.8;
Pressing (hot vs cold) (P) 1 ic4o
Auridityr (70) 1 3108 4* 27... *;

SX T interaction 1 315 2.8&
7; X L interaction 1 588 5.3I
•7 X P interaction 1 352 3.21
F X H interaction 1 23 .2,'
2 X L interaction 1 18 .2,,

T X P? interaction 1 233 2.1'
T X H inter-tction 1 23 .2<
L X ? interaction 1 218 2.0C,,
L X H{ interaction 1 163 1.5
P X it interaction 1 298 2.7-,

Error 4 270 2.4<',

,otal 19

Ii

.* Tich probability of obtaining such a large variation, relative to the

experimental error, is less than one in a hundred.
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TABLE, XI

ANALYSIS OF VARIANCE OF TENSILE SHEAR AT 300-F

Source of Variation Degrees of Magnitude of Per cent of Total
Freedom Variation Variation

-outing Flash (R) 1 380 * 11.65f *
Time after curing (T) 1 256 7.8,'
Rate of Loading (L) 1 729 ** 22.:' **
Pressing (hot vs cold) (P) 1 361 * (y.., *
Humidity (H) 1 1190 ** 36.21- **

R X T interaction 1 30
R X L interaction 1 6
R X 2 interaction 1 30
R X H interaction 1 16
T X L interaction 1 36 l.l,
T X P interaction 1 1 0
T X H interaction 1 90 2.7c
L X P interaction 1 49 1.5;
L X H interaction 1 12 .4'
P X H interaction 1 42 P.3%

Error 4 57 l.7•

Total 19

* The probability of obtaining such a large variation, relative to the
experimental error, is less than one in twenty.

r* The probability of obtaining such a large variation, relative to the
experimental error, is less than one in a hundred.
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TABLE XII

ANALYSIS OF VARIANCE OF TENSILE SHEAR AT -67or

Source of Variation Degrees of Ma.nmitude of Per cent of Total
Freedom Variation Variation

Routing Flash (n) 1 31,329 ** 38.8, **
Time after curing (T) 1 169
Rate of Loading (L) 1 144 .21S
Pressing (hot vs cold)(P) 1 8,930 4* 11.0• **

H.midity (H) 1 4,032

R X T interaction 1 900
R X L interaction 1 400 .55
R X P interaction 1 56 .11,

R X H interaction 1 5,700 * 7.CrT X I interaction I 1,936
T X P interaction 1 6,480 ** 8.0" *"
T X H interaction 1 4,032 5.0,;
L X P interaction 1 3,192 4.0o,
L X H interaction 1 8,556 ** i0.6• **
. X I1 interaction 1 4,356 5.4,,

Error 4 539 .7"

Total 19

** .Te probability of obtaining such a large variation, relative to tho
e.xperim-ntal error, is loss than one in a hundrcd.
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TABILE XITI

AUXTLTArY ANALYSES OF VAITAUCE

Source of Variation Degrees of Tensile Shear Tensile Shear Tensile Shear
Freedom at___.0F at 3OO°F at -67°F

Time (T) 1 13.6 21.6 ** 3.0
P7ate of Load (L) 1 1.8 17.4 ** 0
Pressing (P) 1 16.7 19.4 '* 8.7
Humidity (R) 1 35.5 * 29.5 **4.5

T X L interaction 1 .7 .1 3.1
T X P interaction 1 3.9 .2 19.2 **
T X H interaction 1 4.2 1.8 30.3 **
L X P interaction 1 0 1.6 .1
L X H interaction 1 1.4 .8 16.3 **
P X U interaction 1 .4 .1 8.0

T X L X P interaction 1 0 .4 2.4
T X L X H interaction 1 2.9 5.2 1.7
T X P X H interaction 1 C .1 ".5
L X 2 X 11 interaction 1 .9 1.6 .1

T X L X P X U 1 interaction 1 17.6 .2 .2

Total 15

The probabiUity of obtaining such a large variation, relativc to the
experimental error, is less than one in twenty.

--- The probability of obtaining such a large variation, relative to thce
experimental error, is less than one in a hundrud.

'o~uia-aj



TI 027f

.4 4 1

-~~_! -1 .i. -

I_ -i: .ý il..41 1 ;

-n i It ;t- - - -4- 1 :4,ý

44 4 . ......

:-I+ T q'

_4~~ 4 ý4

-L -

il-t

"- 7 Az 4,....,

tj .VI r2 14

~Tt- t14,1

till i h I P ~ t ij



Page 28
PAport -. 57-896

ME W4,111111"RIM11 ill ýMltllllliil j, 44ti
i

14.11JIM4- V.I. AN t ýiPl'

Ml
ltllý 'f littt U h l

4 H4 I 4-
I tý jil 4 "A 1:: r I

mr -
tv Z't

'T
L

1-t I t 4114 4 1 t

1 :t 4ý I.... .. .....
Hi -'rt't- 1, it 77

4 
Hý

r t I It

7 t + 14:' '1ýil

Tlý

IiTl` M T TWM" 4t. M

TH J_

-14-14 

4:114+1

T,ý A4
14

+

-T:'FTf+ fftt'

4 W, 4
. ...... till"

T'il

_.ýti iff!- +1

. .........

1 +1

41
I'T l

L ffjý4
f

:'W 4 't.------- 1 44I mll t", T t;

it 'tff'tq +

1441
f --- +14t+

I . ....
.....

T IMU ff''W1 _11-



Page 29
fto Do. 57-

ItIt ill "it, ItIOU T11 [till IM 1,141" M i Ijlql!l 11,T1,4 ll Ill,
t"; 44 4111= 11 .1 T.T

it i I
4

*4 W;+ P"[ Vltý
'M M. -tl' V.,

ý I 

-r'j:11441 1,

-I T 11 Tj

t
71Z T 'A' t114 HTIV , 14. 4f -

41 T.
T4 -T.

4 l,

T4 4ý--, I -
+ f ! ,

:t -;T _THi 7

ý" f7".

4 t

7
1 4-1.

7.r. :ýr

14 -4 .

4,-
I ýT

44'

L

'Lr

i I tT-

4tt,
ITT,

+P
T ýt :lit

_7HT1 
't -1 , ;! ': " - - - '_ i4-+ 1-T T,

HLIii- 4, Lill,

4 4: 14 t t
4jjý t 4 ff_1'4'

F _f- , ! i - I . , 1. 1-

i - I : 4 t "
tl'ff 4. 4ý

H-1! 1i t 'A F A
ý4-- T4T ii + r v i tiq 1 F" 't

77 W + 41
t H i t-1 t .-i411 1t t 114, 14,H-,l* 1 1 1-4- i *I M, rV ttl I 1 1:: tl

hi i 1 11; i1r;
40 M, 4 4 4 + 4

in 4 4 -ttttt44 41; +l ffHt - .

9 M t I MFi fl" I

It t fi I I - ý. i. , -ý
+ 4PI-11i

'4111 
tR

t-l i 1 4 i I:li I
t 14 111".

flIN 
-



ftae 3D
P*Port.No- 57-896

it

_11P It"111m ýji
04 1 4 i"L-4 ... . ....

Ti: Jii, 1 1 1... 1 1 11

Tý 14: 1 , 11` , ;, I ii I t

1 4 . " I M., ii ýil 24 -A;1 4 4 . ...
ti I- - 1-ii itif . ýf - 141, 1, , 1ý 114 1 11 -;! I : .; , , , , . I . . . - . . :..

11`ý :ý - JT .... ...
:, - 1, 1 4 J4

T I j
Tý, + A.1 t"

HH.

d
1. 4 4;; 01-4

Tt 114Ait,,,it'll
ý41 

it

t ++1 a t 'I 7i I
+ -'ý! 11. , 4' Jý ! 'I - -'r ýý11 I' ý'

I- ýtj

-4

+

At-IT

4! T 4

4141- -
+jJ4 f H t-tl

-Il# f t-,ý
t

FýF
4t

jrt 4 f,

+ 1 1
:qjýl I t 4 :t 4W ,

4_ý Jýil 4- t4i I-
I 1-It

-I- I t # I _t . I
44

14ý -.1. TVý -l _+
4 i1fl

Fir, 
+ I

1ý4ý4it +11 t

ifft, 4

, L +1i i I- I TI I t4

+44 'jit- ii±Ai

Ow, 0 "M flift &, MITI I 1-11111il-V UT-1 tit T I

4 4t-

H

_ý111 lift

IT, F 141T I

4 Tal-
-T UE Of fit

0141PIR It i - t.I..... ... 11 4 -
144tý-l 4" 

Vit

M A 14V,

4H-1 1A

'i 4U1 1 T

f4 - #41 -t

H, U, Ut

11-4 tilw .

4 1 -M-M M A 44 1

1 4
i +LLi R -IRP,



te or No. 57 -
WIN ~ ~ ~ ,Iiti 1,p.Al

.ti

Ir" t .. . .

II

IT

J4 
41

ti

t ft

-~~t I I4 H, ~ -'

4 ;t t4
t

- I 4' - 14

4 -v1 L

'4 I'

1.141

_it 1;*7



PW 22WFWport NO. 57

1 
!T_-

lit

. Týý 1, 1 1ý :
I t ±4# -1li-If jjý- r J, 

:7WT .1
t.

titýI' f4l

4 4
1 1 t 

I

t OT : 14
, 

iý.

4

F Fý7
', 4., tit, 1 T4-1

T

dt A.

_ý4_: lit il A '44E H Hi
4 'Ti

. . ....... 44- jif. At

4

M$m

47 1

ý1 ýj 

Vq:

...... ......

li4t L4

4--

ti

+ #t14,1r trt+
-Til

i+
Tt 

+ +

T + ..........

mt
-fH-1 4-

14
++ 4-

14# W4 '4 f4 1 4 --- 14

4- T

h# 41
4-44 -t-

Z__ +t 4 "I_



ANAL~~mS C 0 N V A I Rpo 3
ANALYSIS C O N V AIR -, PAGE 33
PnzrEPARED UB.E. Bergstrom SAN 011o0 REPORT NO. 57-896
CHECKED my Picotte/Keller MODEL 22
REVISED my DATE 8-18-58

1. Convair Engineering Specification 0-03000 "Adhesive; Liquid, Aircraft.
Structural, Metal to Metal"

2. Convair Engineering Specification 0-03001 "Adhesive; Tape, Aircraft
Structural, Metal to Metal"

3. Convair Engineering Specification 0-07308 "netibond, 4021 System Bonded
Aluminum Alloy Aircraft Parts Process and Inspection Requirements"

4. Convair Manufacturing Process Specification 47.08 "Metlbond. 4021 System"

5. MIL-A-5090B "Adhesive, Airframe Structural, Metal-to-Metal"

6. MIL-A-8431 "Adhesives, Heat Resistant, Airframe Structural, Metal-to-Metal"

7. MIL-A-9067B "Adhesive Bonded Metal; Process and Inspection Requirements"

8. Narmco Resins & Coatings Co. Technical bulletin "Metlbond 4021 System".
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